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Objectives 


Analyze  specific  mortality  rates  to  characterize  sickle 
cell  trait  as  a  risk  factor  for  exercise-related  death. 

Examine  factors  important  to  prevent  EHI  among  all 
recruits. 

Interpret  results  of  a  controlled  prospective 
intervention  to  prevent  EHI  on  exercise-related 
mortality  for  recruits. 

Provide  practical  recommendations  to  reduce  exercise- 
related  death  in  young  adults  with  or  without  sickle 
cell  trait. 


/3-globin  gene 
sixth  codon 
T 

4 

GAG  - ►  GTG 

(glutamic  acid)  (valine) 


Formation  of  deoxy-Hemoglobin  S 

Polymers 


Deoxy  Hb  S  polymer  forms  more  rapidly 
with  hypoxemia,  as  Hb  concentration 
increases  -  [Hb  S]35,  acidosis,  high 
temperature,  high  BPG 

Relevant  to  high  risk  for  specific  sites: 
arterioles  in  the  renal  papillae,  vessels  of  the 
spleen 

Exercise  produces  hypoxia,  dehydration, 
acidosis,  hyperthermia,  and  increasing  BPG 


Sickle  Cell  Trait 


Hb  AS  genotype.  Hb  S  <50%  (SS,  SC,  Sbeta-thal :  Hb  S 
>50%) 

Median  Hb  S  is  42%,  (33%,  26%  for  Hb  AS  with  3  or  2 
alpha  globin  genes) 

Normal  CBC  with  no  anemia,  hemolysis  undetectable 

Microscopic  sickling  significant  in  the  loops  of  Henle  of 
the  renal  medulla,  occasionally  in  the  spleen,  and  in  the 
drainage  of  vitreous  humor  post-trauma 

Reversible  sickling  is  detectable  and  increases  during 
exercise. 

Large  population  studies  show  normal  survival  and  slight 
increased  admission  for  hematuria 


Clinical  Complications  Proven  to  Be 
Associated  with  Sickle  Cell  Trait 

•  Age-related  loss  of  maximal  urinary 
concentration,  episodic  hematuria,  mild  increase 
in  UTI  of  pregnancy 

•  Altitude  &  exercise  related  splenic  infarction 

•  traumatic  hyphema 

•  Renal  medullary  carcinoma 

•  ?  reports  of  increased  VTE:  Heller  ’73,  Austin  ‘07 

•  unexpected  exercise-related  death  in  recruits 
and  young  athletes 


Muscle  metabolism:  20%  work  and  80%  heat. 

Heat  is  removed  by  water  w  sweating  (conduction, 
convection,  evaporation)  w  water  &  electrolyte  loss. 

Blood  flow  to  muscle  and  skin  increases  while  visceral 

flow  decreases.  Shock  &  gut  and  kidney  ischemia  may 
result. 

Muscle  &  liver  necrosis:  like  tumor- lysis  syndrome. 

Acute  renal  failure  due  to  myoglobin-induced  ATN, 
hyperuricemia,  hypo-perfusion. 

Hyperthermia  causes  non-focal  encephalopathy. 

Tissue  injury  induces  inflammation  and  DIC. 


Major  Fatal  Syndromes  of  EHI 


Rhabdomyolysis.  Acute  necrosis  of  muscle  (or  liver). 
Similar  to  Tumor  lysis  syndrome.  Myoglobin  and  skeletal 
CK  are  markers.  Initial  Rx  is  aggressive  alkaline  hydration. 
Treat  electrolyte  imbalance,  ARF,  occasional 
hypoglycemia.  Hyper-K+/hypo-K+,  acidosis  common. 

Heat  Stroke.  Non-focal  encephalopathy  w  hyperthermia, 
rapid  response  to  cooling  and  hydration.  Shock  ,  Seizures, 
coma. 

Acute  renal  failure.  Provoked  by  early  salt  intake. 
Hydration  w  alkaline  saline,  prevent  myoglobin  related 
ATN,  monitor  and  correct  metabolic  problems 


THE  SPECTRUM  OF  EXERTIONAL  HEAT  ILLNESS 


Hyperthermia 
Dehydration 
Nephropathy 
Cell  Lysis 
Encephalopathy 
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Comparison  of  Rates  of  Moderate  EHI 

with  or  w/o  Hb  AS 


Recruits  with  sickle  cell  trait  had  the  same  rates  of 
moderate  EHI  (out-patient  or  in-patient)  as  recruits 
without  sickle  cell  trait.  In-patients  often  had  periods  of 
high  risk  in  the  ER  but  seldom  after  admission. 

Study  Limitation:  These  recruits  received  excellent  early 
care  by  an  intervention  capable  of  preventing  severe 
EHI.  Few  suffered  life-threatening  rhabdomyolysis. 

These  results  favor  the  view  that  sickle  cell  trait 
increases  mortality  of  severe  EHI  rather  than  initiating 
development  of  non-life  threatening  injury  from  EHI. 
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Spectrum  of  Clinical 
Presentations 

Sought  all  types  of  EHI  but  10/11  serious 
cases  had  exertional  heat  stroke. 

Sought  cases  of  distributive  shock,  life- 
threatening  arrhythmias,  and 
ischemia/infarction.  Found  shock  or 
cardiac  arrest/  including  2  w  arrhythmia 

No  recruits  with  serious  events  had  sickle 
cell  trait  (population  to  small) 


Comparison  of  EHI  and  Structural  Cardiac 
Lesions  for  risk  of  Life-Threatening  Events 

There  were  1 1  adverse  CV  events. 

8  had  EHI:  6  of  these  had  Heat  Stroke  followed  by  shock.  2 
presented  as  sudden  cardiac  arrest  in  asystole  unresponsive  to 
ACLS.  One  had  heat  stroke  and  one  had  Rhabdo’  with  coronary 
anomalies. 

There  were  two  other  deaths  from  cardiac  disease  (coronary 
anomalies  and  myocarditis). 

There  was  one  idiopathic  sudden  death  while  swimming. 

EHI  contributed  to  8/11  cases  and  silent  heart  disease  to  3/1 1 
cases. 

These  data  support  the  hypothesis  that  preventable  EHI  is  an 
important  component  of  exercise-related  sudden  death  among 
healthy  young  adults. 
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Recruit  Heat  Illness  by  WBGT  Category 
at  Time  of  Illness,  7-9  am  Cases 
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Recruit  Heat  Illness  by  WBGT  Category 
of  Prior  Day  Maximum,  7-9  am  Cases 
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Association  of  WBGT  level  with 

EHI  Cases 

•  About  one-third  occurred  with  immediate 
exposure  to  WBGT  at  least  75oF. 

•  About  50%  were  related  to  prior  day  WBGT  at 
least  75  oF 

•  The  two  temperatures  were  not  closely  related. 

•  If  one  wished  to  reduce  events,  activity  restrictions 
could  start  at  lower  WBGT  levels. 
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Hot  weather  for  24  hrs  before  eollapse  is  signifisantly  assosiated 
with  enereise-reJated  sudden  death.,  with  or  without  heart 
disease. 

A  stud/  of  ER  visits  by  reeruits  demonstrated  that  E HI  vyas  a 
more  common  risk  iactor  than  silent  heart  disease  for  events 
reci'uiring  ACLS. 

When  young  adults  sxufter  ezercisemelated  collapse,  heat  illness 
is  in  'the  differential  diagnosis.  A  rectal  temperature  should  be 
measured  and  shut  labs  obtained  from  blood  and  urine  samples, 
if  the  patient  dies  before  this  y/as  done,  early  post-mortem  body 
temperature  and  labs  (vitreous  humor  or  urine)  are  useful. 

Correction  of  hyperAC,  acidosis,  other  electrolyte  imbalance, 
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RMk  ofEHT  can  be  reduced  during  demanding  'exercise  by 
awareness  that  risk  increases  with  poor  acclimatioxg  poor 
HorirliTianirig  for  the  planned  event,  heat  retailing  clothings 
hot  weather  with  high  hirmlblty^  sunbght,  lo  w  wild.,  loss  of 
sleep,  iehyxiation,  and  heroic  effort  with  disregard  fox 
iympitoM,  An  additional  risk  for  sickle  noil  trait  is  high 
altitude  (n,bm  ft^  or  any  other  canoe  of  hypoxemia. 

Use  of  the  WBGT  Index  and  a  trainer  can  help  one  to  follow 
a  sensible  exercise  plan. 

Aggressive  hydration  cannot  compensate  for  xxiaxkxial 
sweating  (loss  up  to  3  L/hr  with  max  fluid  intake  at  1 J  L/hrf 
Often  reduced  intensity  and  increased  rest  cycles  are  needed, 
uskiined  eoxmimption  of  >1-2  c|  t  per  hr  xnay  cause  hypo-1  Ta 

Heat  Illness  can  occur  in  cold  weather  anil  without  thi  rst. 

the  military  risk  falls  with  time  ixi  service. 


The  Eichner  Hyposthesis:  Initial 
sickle  crisis  causes  ERD 


•  Eichner  can  recognize  a  syndrome  of  muscle  sickling  crisis  in  SCT  athetes 
which  responds  to  oxygen  and  fluids  over  10  to  20  minutes. 

•  With  response  they  can  return  to  competition. 

•  Most  ERD  with  SCT  starts  with  explosive  sickling  causing  sudden  death  in 
minutes. 

•  These  personal  observations  conflict  with  our  planned  multiclinician  study  at 
Parris  Island 

•  Sickle  cell  disease  rarely  if  ever  produces  a  muscle  crisis  syndrome  and  rhabdo 
survivors  do  not  have  focal  vascular  obstruction. 

•  Inhaling  oxygen  shouldn’t  improve  02  transport  in  the  absence  of  an  increased 
A-a  gradient 

•  He  concludes  we  must  identify  people  with  SCT  and  train  them  to  recognize 
prodomal  muscle  crisis  events,  stop,  and  receive  Rx 

•  We  conclude  that  we  should  use  preventive  measures  for  everyone  and  reduce 
the  pool  of  people  with  SCT  who  develop  severe  levels  of  EHI.  Screening  is 
often  not  necessary 
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genes  instead  of  4),  In  those  with  sisMe  eell  trait  the  main 
iibct  is  to  lower  the  Hb  E  fraetion  below  36%  of  total  Hb, 

Globin  monomers  are  eri'^ymatisiiily  destroyed  in 
P13Cs,  IHSflsIBaBlHni  la  fiEBsWroMSBTsffiHsi  bBI 
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We  collected  50  cases  of  ester oise-related  death/near  death 
with  sktkle  ©ell  strait  anti  Hb  3%  i  we  e/_peeted  15  eases  with 
alpha-thalassemia  &  <36% 

Two  cases  had  Hb  3  <  36%  ?  implying  about  a  7.5-fold 
protection  for  those  with,  alpha  thalassemia  anil  suggesting 
that  deoxy-HbS  polymerization  might  cause  this  syndrome. 
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Aupta  ex  ah,  J  Clin  Invest  28:1963, 1991  established 
chat  hyposthenuria  with  AS  is  prevented  as  alpha  globin 
content  falls. 

I  found  that  risk  of  WD  unexplained  by  preexisting 
disease  increased  8-fold  with  age  for  recruits  with  SCT 
hut  there  was  no  age  trend  for  recruits  w/o  SCT. 

Since  hyposthenuria  also  correlates  with  age  actual 
studies  of  exercise-risk  as  a  function  of  hyposthenuria 
are  needed.  'These  studies  were  planned,  hut  we  found 
no  cases  hospitalized  with  Efll  who  had  SCT. 

We  can '  t  determine  the  effects  of  either  alpha  thal  or 
hypos  thenuria  on  risk  of  unexplained  exercise-related 
death. 
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*an  additional  death  from  SCD  occurred  in  this  period 


Does  Rectal  Temperature  >106°F  Predict  Heat  Stroke  as  Defined 

by  PI  score  </=  4  ? 


Rectal 

Temperature 

CNS  Level 
<5  >5 

Total 

>106  °F 

35 

36 

71 

<106  °F 

34 

363 

397 

Total 

69 

399 

468 

Sensitivity  =  35  /  69  =  51% 
Specificity  =  363  /  399  =  91% 
Predictive  Value  (+)  =  35  /  71  =  49% 


Adherence  Ratio 
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One  can  rarely  observe  episodes  of  splenic  infection  or  renal 

by  exercise 
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1982-91  Recruit  Heat  Illness  Rates 
by  Gender  and  Month 
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Erred  di  fields  Cell  Iran  on  Raxes  or  Mon- 
I'atal  Exertional  Heat  Illness 
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(excluding  20  cases  w  life-threatening  complications) 
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The  BmBiW  and  management  fSFBMSIl  is  identical 


for  those  with  or  mHiihui  SCT. 


While  knowledge  that  one  has  S  CT  can  motivate  a 
person  to  better  protest  themsel  yes  from  Eflh  a 

i  MI  B  i Mfe-ftMWIB , i  Bi  ^ rAlllJii  R  i  B-  ;, 

beneficial  errecc  on  behavior  or  medical  ouxcome 
has  not  been  demonstrated,  SCT  Mortality  has 
'/aried  widely  irrespective  of  screening  policy. 

In  our  prospective  study  35,000  Army  recruits  with 
SCT  completed  basic  training  without  deaths  in 
the  absence  of  expensive  screening  for  SCT. 
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disease,  because  of  mild  or 'undisclosed  cases. 


Since  recrui  ts  with  SCD  me  at  high.  risk  of  developing 


serious  or  ratal  sickle  crisis  episodes  from  mild  EH1. 
it  would  be  important  to  complete  screening  prior  to 
any  PT. 
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Screening  for  Sickle  Cell  Trait 
and  Sickle  Cell  Disease 

1 .  Sickle  cell  screen:  Place  blood  drop  in 
phosphate  buffer:  Hb  S  precipitation:  high 
specificity  and  sensitivity. 

2.  CBC  -  normal  for  Hb  AS,  anemia  with 
increased  RDW  for  97%  of  sickle  cell  disease. 

2.  Quantitative  Hemoglobin  electrophoresis  in 
alkali. 

3.  Reticulocyte  count  elevated  in  97%+  of  SCD 
but  normal  in  uncomplicated  Hb  AS. 


n  «m  s  i  *m 
Sit) 


JLx  bru  Dual  xlbiil  liiu  b 
for  Tiirfisiifiiifid  or  Aohmi 


n  JAni:  Fatlur 
Suddfiu  A  fiH ill 


EiloiDg/  di  dCviyrd^jXylsir^d  Xtesittis 

i-iirk  JA  A  Waul  _fi'  3s_miii  sluimiiol  199-1;  91 ilulA'AH 
van  Ciiiup  3-P  sr  uL  Med  3d  3porc  ]LierC  1999;2"h 641-7 

jVJjJihj/v  AihJs'is 


i^pJsjjjrjsd  Csirdbie  Dsdih 


4-j-  /D 


3pJdJ;jyd  /JD/j-CM/dkic;  Dydih 


;isrdo/J5jJ  rJeni:  JJJjj&^a 


IJdJDpHihic  Sudds/j  Denih 


D 


0  j  a  k  J  B  ShU  Imkuu 


%  Recruit  Deaths 


Csiobp  of  Slid  lion  Curding  Jjbiiih 

y/iih  ii'bsiiui'Bs  u-mm 

j  liB/iBvy  di'120  rb^nui  osioo:;  &  SD 

i  i  ->  i  •*  i  f-»  i-»  i  i  r?i  r  r  r  /^ir  ri 

iiamTlOIlili  OiiOSO  01  lii’ISii  JLili  '/7  ^Ll 

j  Moro  ihmi  Izj  josmoirio  iisul  hy\)b?ihz?m\ii 

D_r  i/pJOSii  BilBIIl md  idiSi I1WB3  of 

iSjSibdoiii/oI/olo  imd  Si  oiiboisi  nmd 
proovdoil-Qy  osi rdlsio  JooioiL 

J  CsinliSiO  ofrooo  from  jffif  OSiii  pro  yoke 
fsifsii  ooinpilosiiioiio  duo  io  proovdoifxiy 


uoun  d-ioouoo. 


Suoii  douruo  miyfd  bo  proyoxdubJo, 


J  'J ,  Am\\TZB  n lj i: uumj- d ui b/j/jIij b d  ss\urk\Whj  s'issbu  us a  ItejftjuiaJ 

«,«*****>**■. 


hiuiorsor  dfEi'ih  hum  uhoshusml  hum  jJJu^ss  (J 
J  2,  Duuuribu  mil)  or  nub  kiuiufo  suf  siusnksiul  5rJJ  inn un c|  31  duns  rod  fbofuii 
pophksuosi, 

L  D3ibs‘ss\\s\B  ihb  oussiflbusius)  us  blr\\  iu  Jj/Vbj/BHia/jjjjej 

urhiuu  3J//J o jj £j  ihb  ouss\u  so  or  ini  pophksuosi  sur  nun-rib 
rJD  ^  roonhiu, 

\ni3fpfbi  roohlio  us  u  oussiruWud  ^ruupboihJb  \ssiBrybssi\us\  iu  prm/msi 
JJ  on  H&srcj-sfM'ed&i^d  jUD/bd^y  us  rai^rLJ j wjijj  ur  wjjbJoLJi:  rJb 


'Implications  from  SIiTlIb  CTT  T  rid  r  iur 

slbiii  Til  n  yi;;-: 

Aollcluj  iu  iPf&y&tti  JJauih 


Jd/jjj  A  'Acirk.j  jYlD 

h'rjss\  siudJss  wj'ih 

John  W,  Qsjrd/jarj  jVJD,  DrRrJ 
frsiA  "R  Ward,  j'vlD 
Rb/jlj  Vjr/jj'jjjjj  jVJD 


Xlowafd  U/jjyyr^Jty  Ro/Ar  for  Pjclds  ©sJJ  Pjasaos 
U/jjfo/mA  SsAjgSS  LI/jAroR y  of  if  jo  fls-alilr)  Tjojo/j 

Waiter  Reed  Arm y  jVtedtete  Canter 
Armld  rorons  Jnsflfute  of  ftefhoJocjy 


Screening  for  Sickle  Cell  Trait 
and  Sickle  Cell  Disease 

1 .  Sickle  cell  screen:  Place  blood  drop  in 
phosphate  buffer:  Hb  S  precipitation:  high 
specificity  and  sensitivity. 

2.  CBC  -  normal  for  Hb  AS,  anemia  with 
increased  RDW  for  97%  of  sickle  cell  disease. 

2.  Quantitative  Hemoglobin  electrophoresis  in 
alkali. 

3.  Reticulocyte  count  elevated  in  97%+  of  SCD 
but  normal  in  uncomplicated  Hb  AS. 


Key  Points 


Severe  exertional  heat  illness: 

can  occur  in  cool  weather 
;an  occur  witfflmt  MgiJ  body  temperature 

Mental  status  change 

may  reflect  severe  birr 


Vital  signs  8l  Laboratory  values 


10SS 


must  bo  closely  monitored 
early  rapid  cooling  essential 

Dehydration  &  Acidosis 


Sickle  Cell  Trait  Patients 


have  high#  risic  oi  cleaiti 


Clinical  Features  of  Sickle  Cell  Disease 


Hemolytic  anemia  &  other  types  of  anemia 

•  Median  Hb  about  8  g/dL  w  intra-vascular  component, 
Acute  anemia:  folate  depletion,  Parvovirus  B 1 9  &  other 
infection,  splenic  sequestration,  high  rate  of  delayed  txn 
rxns,  G6PD  deficiency,  chronic:  low  EPO,  iron  deficiency 

Infectious  complications 

•  Bacteremia/meningitis  w  encap’d  organisms  (esp  <5  yrs), 
pneumonia,  Osteomyelitis  (Salmonella,  Staph  aureus), 
Urinary  tract  infections,  port  infections 

Vaso-occlusive  pain  episodes 

Cholelithiasis:  salmonella  carriage,  stones 

Vasoconstriction  from  low  NO:  Pulm  HTN,  skin  ulcers 

Thrombotic  and  hemorrhagic  strokes 

Chronic  organ  damage 

Increased  mortality 


Screening  for  Sickle  Cell  Trait 
and  Sickle  Cell  Disease 

Sickle  cell  screen:  Place  blood  drop  in  phosphate 
buffer:  Hb  S  precipitation:  high  specificity  and 
sensitivity. 

CBC  -  normal  for  Hb  AS,  anemia  with  increased 
RDW  for  97%  of  sickle  cell  disease. 

Quantitative  Hemoglobin  electrophoresis  in  alkali. 

Reticulocyte  count  is  elevated  in  99%+  of  SCD 
but  normal  in  uncomplicated  Hb  AS . 

Rarely  right  to  left  cardiac  shunts  or  increased 
BPG  confer  a  disease  phenotype  with  Hb  AS 


How  do  we  prove  that  a  medical  complication 
was  caused  by  “sickling”  from  Hb  AS? 


•  At  biopsy  or  autopsy  agonal  hypoxia  may  cause 
extensive  sickling  despite  no  causal  role. 

•  We  must  show  a  significant  relative  risk  for 
people  with  Hb  AS  versus  those  w/o  Hb  S  from 
the  same  population. 

•  Since  alpha-thalassemia  reduces  Hb  S,  a  decrease 
in  rate  or  severity  of  a  complication  as  the 
number  of  alpha  genes  decrease  implies 
quantitative  dependence  of  a  complication  upon 
the  amount  of  deoxy  Hb  S. 

•  Proof  applies  to  populations  not  to  individuals. 


Odds  Ratios  Combining  PPTT  Rain  Time 
and  BiVIT  Category  for  Exertional  Heat  Illrr 
Male  Marine  Recruits.,  MCRD-PI,  19oo-1992 


BMI  1.5  Mile  PFT1  Run  Time 

CATEGORY  <10  minutes  10-<12  minutes  12+  minutes 


<22  kg/m2 
22-<26  kg/m2 
26+  kg/m2 
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